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. A METHOD FOR FORMING A SINGLE CRYSTALLINE FILM 
Background of the Invention 

1 . Field of the Invention: 

This invention relates a method for forming a single crystalline film, 
and more particularly the method suitable for the fabrication of electronic 
devices, optical devices, integrated devices and opto-electronic integrated 
devices. 

2. Description of the Related Art: 

A technique of forming a single crystalline film on a single crystalline 
substrate is very often employed for integrated circuits, electronics devices and 
optical devices. The single crystalline film is formed through an epitaxial 
growth using atomic and molecular beams on the single crystalline substrate. 

On account of a difference in lattice constant between the single 
crystalUne substrate and the single crystalline film and of dislocations included 
in the substrate itself, the film epitaxially grown on tlie substrate often includes 
many dislocations. It is preferable to eliminate dislocations because they cause 
the life time of the devices to be degraded and the device-characteristics to be 
fluctuated. 

The inventor has disclosed, what is called, a micro-channel epitaxy 
technique in Japanese Patent PubUcation Kokai Hei 1-161822 and Kokoku Hei 
6-105797. 

Following the technique, an amorphous insulating film is formed on 
a single crystalline substrate and a strip opening is formed in the film to 
epitaxially grow a single crystalline film therein. Then, after the opening was 
buried by the crystaUine film, the crystalline film in the opening serves as a seed 
for a single crystalline film growing epitaxially in a lateral direction parallel to a 
surface of the substrate to form the epitaxially grown single crystalline film on 
the amorphous film. 
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Most of the dislocations in the substrate do not propagate in tlie 
parallel direction in the grown single crystalline film, so that the grown single 
crystalline film formed on the amorphous film can have much less dislocations. 

However, since a hquid phase epitaxy method has been employed in 
the above technique, it is difficult to form a uniform film on a large-scale 
substrate. Thus, the technique is not sufficient for using in a real semi- 
conductor-manufacturing site and for realizing the above mentioned devices. 
Consequently, a technique to make possible a micro-channel epitaxy through a 
vapor phase epitaxy such as the molecular beam epitaxy (MBE), a metalorganic 
vapor phase epitaxy (MOVPE) or a halide source epitaxy is desired. 

Summery of the Invention 
It is an object of the present invention to provide a new method for 
forming a single crystalline film on a single crystalline substrate by the micro- 
channel epitaxy technique via the vapor phase epitaxy. 

This invention provides to a method for forming a single crystalline 
film comprising the steps of: 

forming an amorphous film on a single crystalline substrate, 
forming an opening in the amorphous film and thereby exposing a part of a 
surface of the substrate, and 

introducing atomic beams or molecular beams onto the surface of the 
substrate at their incident angle of not more tlian 40 degrees under a reduced 
atmosphere and thereby selectively and epitaxially growing a single crystalline 
film on the exposed surface of the substrate. 

The inventor investigated hard to reahze the micro-charmel epitaxy 
with the vapor phase epitaxy method. As a result, he found that by adjusting 
incident angles to a surface of a single crystalline substrate of atomic beams or 
molecular beams within a given angle range under a reduced atmosphere, atoms 
which constitute a single crystalline film are deposited and epitaxially grown 
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only on an opening formed in an amorphous film, but not deposited on the 
amorphous film. On the basis of this finding, by continuing the epitaxial 
growth from the single crystalline layer formed in the opening, he has succeeded 
in growing the single crystalline film laterally with much less dislocations on the 
amorphous film by the micro-channel epitaxy. 

Fig. 1 shows a cross section of a sample for explaining the method 
for forming a single crystalline film according to the present invention. 

Following the present invention, an amorphous film 2 made of 
sihcon oxide, etc. is formed on a single crystalline substrate 1. Then, an 
opening 3 having a width "W" is formed in the film 2 by etching, etc. to expose 
a part of the substrate 1 . The opening 3 has a linear shape on the substrate 1 , 
elongating in a direction perpendicular to the cross section shown in Fig. 1. 

Then, according to the present invention, for example, atomic and/or 
molecular beams (hereafter only molecular beams are described) are introduced 
to a surface 1 A of the substrate 1 at their incident angle 0 within 40 degrees 
under a reduced atmosphere. Just then, incident molecular beams 6-1 and 6-3 
on the amorphous film 2 are reflected in a direction shown by arrows or the 
decomposed atoms are re-evaporated without being deposited on the amorphous 
film 2. On the other hand, an incident molecular beam 6-2 on the opening 3 is 
almost not reflected, and atoms composing the beam 6-2 are deposited onto the 
substrate 1 and are epitaxially grown. Consequently, a single crystalline film 4 
is formed selectively only on the opening 3. 

On continuing the selective epitaxial growth on the opening 3, the 
single crystalline film 4 gains its thickness and a single crystalline film 7 thicker 
than the amorphous film 2 is formed, as shown in Fig. 2. The incident beams 
6-1 and 6-3 are reflected or the decomposed atoms are re-evaporated without 
being deposited onto the amorphous film 2 as in Fig. 1 . On the other hand, the 
incident molecular beams 6-2 and 6-5 are almost not reflected by an upper 
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surface 7 A and a side face 7B of the single crystalline film 7, and the atoms com- 
posing the beams continue to be epitaxially grown on the botli 7A and 7B surfaces 
of film 7 the latter of which serves as a seed for epitaxial lateral overgrowth. 

Thus, the epitaxial growth goes on not only in a direction perpen- 
dicular to the surface 1 A of the single crystalline substrate 1, but also in a 
direction parallel tliereto. As a result, as shown in Fig. 3, a single crystalline 
film 8 grown in the vertical direction and a lateral single crystalline film 9 grown 
on the amorphous film 2 in the lateral direction are formed. 

Accordingly, even if dislocations are generated in the single 
crystalline films 4 and 7 because of lattice mismatch between the single 
crystalhne substrate 1 and the single crystalHne films 4, 7 or even if dislocations 
are present in the substrate 1, they propagate in a direction almost perpendicular 
to the surface 3 of the substrate 1 and not in a direction parallel to the surface. 
Thus, the single crystalline film 8 shown in Fig. 3 may have dislocations, but the 
single crystalline film 9 formed laterally on the amorphous film 2 has no disloca- 
tions. Consequently, a single crystalline film having much less dislocations can 
be formed by the micro-channel epitaxy technique via the vapor phase epitaxy. 

As above-mentioned, according to the present invention, the single 
crystalline film having much less dislocations can be formed by the micro- 
channel epitaxy technique through the vapor phase epitaxy. Thus, the method 
according to the present invention can be really employed in a semiconductor 
manufacturing site and provide a forming method of a single crystalline film 
usable for realizing integrated circuits. 

Brief Description of the Drawings 

The invention will be more accurately described with reference to the 
accompanying drawings: 

Fig. 1 gives a general view for explaining a method for forming a 
single crystalline film according to the present invention, 
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Fig. 2 does a general view for explaining the next step of the growth 
followed by the growth shown in Fig. 1, and 

Fig. 3 shows a general view for explaining a step followed by the 
growtli shown in Fig. 2. 

Description of the Preferred Embodiments 

The invention will be described in detail as follows. 

The forming method according to the present invention requires that 
an amorphous film be formed on a single crystalline substrate and an opening be 
formed in the amorphous film to expose a part of a surface of the substrate. 

The opening is not particularly hmited in its shape, but has preferably 
a linear shape or a rectangular shape, more particularly the linear shape as the 
cross section of which is shown in Fig. 1 . As a result, the lateral single 
crystalline film 9 as shown in Fig. 3 can be formed uniformly on the amorphous 
film 2 from the single crystalline film 7 which serves as a seed for the film 9. 

The opening 3 as shown in Fig. 1 has preferably a width "W" of 
0.001 |J,m to 10 (i,m, particularly 0.005 [xm to 10 |im, more particularly 
0.005 |J,m to 1 ^im. Thereby, the molecular beam 6-2 can be introduced to the 
opening 3 and the single crystalline film 7 which serves as a seed for the single 
crystalline film 9 can be grown. 

Moreover, the opening is not particularly limited in its forming 
method, but may be formed by a micro-processing technique such as a 
photolithography, an electron beam lithography and X-ray lithography. 

The single crystalline substrate usable for the present invention is not 
particularly restricted. Every kind of single crystalline substrate may be used, 
depending on a kind of the single crystalline film to be selectively and 
epitaxially grown. For example, sihcon (Si) single crystalUne substrate, 
gallium arsenide (GaAs) single crystalline substrate, zinc selenide (ZnSe) single 
crystalhne substrate, sapphire single crystaUine substrate, etc. may be used as the 
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single crystalline substrate according to the present invention. 

A material composing the amorphous film is not hmited. Every 
kind of material may be used, depending on a use of an assembly including the 
single crystalline film which are formed according to the present invention and 
the single crystalline substrate. 

For example, by composing the amorphous film of an insulating 
material such as a siUcon oxide material and a silicon nitride material, what is 
called, an assembly having a SOI (Semiconductor on Insulator) structure can be 
formed. Thus, the assembly may be applied for a field effect transistor, a 
hetero-bipolar transistor and an integrated circuit. 

On the other hand, by using a high melting point-metal such as 
tantalum instead of the amorphous insulating film, an assembly having a 
structure of metal embedded in a semiconductor material may be formed. Such 
an assembly can be applied for very high frequency electron devices. 

The present method requires that atomic beams or molecular beams 
be introduced onto a surface of the single crystalline substrate with a mask at 
their incident angle within 40 degrees under a reduced atmosphere. Moreover, 
the incident angle is preferably not more than 30 degrees, particularly not more 
than 25 degrees, more particularly not more than 20 degrees. Thereby, a 
uniform single crystalline film can be selectively and epitaxially grown on the 
exposed part of the substrate. 

The lower limited value of the incident angle is not particularly 
restricted only if the single crystalline film can be epitaxially grown in the 
opening. However, for example, in the case of forming the amorphous film 2 
having the linear opening 3 as shown in Fig. 1 on the single crystalline substrate 
1, the amorphous film 2 has a thickness d of 0.001 |J.m to 2 |a,m in general, and 
the opening 3 has a width W of 0.001 |a.m to 10 iim in general, as above- 
mentioned. Thus, for introducing the molecular beam 6-2, the incident angle 
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of the molecular beam 6-2 is preferably not less than 5 degrees, particularly not 
less than 3 degrees. 

The atomic beams or the molecular beams are selected, depending on 
a forming method of a single crystalline film. For example, in the case of 
forming a silicon single crystalline film, silicon atomic beam is introduced onto 
a single crystalline substrate with a mask to form the silicon single crystalhne 
film by a ultra-high vacuum molecular beam epitaxy equipment. Moreover, in 
the case of forming a GaAs single crystalline film, Ga atomic beam and As2 or 
As4 molecular beam are introduced onto a single crystalline substrate with a 
mask to form the GaAs single crystalline film. 

As for the level of the vacuum employed, there is no special 
requirement and it is determined depending on the method for forming a single 
crystalline film as above-mentioned. For example, in the case of using the 
ultra-high vacuum molecular beam epitaxy equipment, the interior space of the 
equipment is preferably evacuated to a pressure of about lO"'' Torr to 10 " Torr. 
Furthermore, in the case of using a chemical molecular beam epitaxy equipment, 
the interior space of the equipment is preferably evacuated to a pressure of about 
10-^ Torr to 10-^ Torr. 

The forming method of the present invention can be employed for 
forming every kind of single crystalline film. For example, the forming 
metliod is preferably used for forming group IV semiconductors and III-V 
semiconductor compounds and semiconductor alloys such as a silicon single 
crystalhne film, a GaAs single crystalline film, a GaN single crystalline film, 
Gai.xAlxAs, 11- VI semiconductor compounds and semiconductor alloys such as 
a ZnSe single crystalhne film, a ZnS single crystalhne film, a CdTe single 
crystalhne film, and ZnSj.^Se^, and an single crystalline oxide film such as 
YBCO (Y-Ba-Cu oxide). 

The single crystalline film made of a III-V semiconductor compound 
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is formed by the MBE method or a reduced vapor phase epitaxy method, for 
example. In this case, group III atomic beams such as of Ga, Al, In, etc. or 
molecular beams containing group III elements such as metalorganic molecular 
beams which contain group III elements such as of Ga(CH3)3 (TMG), A1(C2H5)3 
(TEAl), In(CH3)3 (TMIn), and halide molecular beams which contain group III 
elements such as of GaCl3, AICI3, InClj are employed. Besides, group V 
molecular beams such as of Asj, P2, Sb4, etc. or molecular beams which contain 
group V elements such as metalorganic molecular beams, for example, of 
As(CH3)3 (TMAs), As(C2H5)3 (TEAs), P(CH3)3 CTMP), etc., molecular hydride 
beams which contain group V elements such as of ASH3, PH3, NH3, etc., and 
halide molecular beams which contain group V elements such as of AsClg, PCI3, 
SbClg, etc. are employed. The group IE atomic beams or the molecular beams 
containing group HI elements and the group V molecular beams or the 
molecular beams containing group V elements are introduced onto a single 
crystalline substrate heated to a given temperature. Thereafter, for example, 
the group III elements and the group V elements constituting the molecular 
beams react to each other to form the IH-V semiconductor compound. 

In this case, the molecular beams containing group m elements and 
group V elements are introduced onto a surface of die single crystalline substrate 
at their incident angle within 40 degrees, respectively, and a single crystalhne 
film made of the IH-V semiconductor compound may be formed in the openings 
of the amorphous film by the selective epitaxial growth. 

In the case of forming the single crystalline film of the III-V semi- 
conductor compound, however, only the group V molecular beams or the group 
V element-containing molecular beams can be introduced onto the surface of the 
single crystalline substrate at ftieir incident angle within 40 degrees, preferably 
within 30 degrees, more preferably within 25 degrees, and much more 
preferably within 20 degrees. Thereby, even if the group HI atomic beams or 
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the group in element-containing molecular beams are introduced onto the 
surface at their any incident angles, the single crystalline film made of the III-V 
semiconductor compound can be formed in the opening. The reason is that the 
group V elements contained in tlie molecular beams govern nucleation process 
in the growth of the III-V semiconductor compound. 

The single crystalline film made of a II- VI semiconductor compound 
is formed by the MBE method or the reduced vapor phase epitaxy method as 
above-mentioned. In this case, group II atomic beams such as of Zn, Cd, Hg, 
etc. or molecular beams containing group 11 elements such as metalorganic 
molecular beams, for example, of Zn(CH3)2, Zn(C2H5)2, Cd(CHj), etc. and 
halide molecular beams containing group II elements such as of ZnCl2, CdCls, 
HgCl2, etc. are employed. Besides, group VI atomic beams such as of S, Se, Te, 
etc. or molecular beams containing group VI elements such as metalorganic 
molecular beams, for example, of Te(CH3)2, Te(C2H5)2, Se(CH3)2, etc. are 
employed. The group II atomic beams or molecular beams containing group n 
elements and the molecular beams containing group II elements or molecular 
beams containing group VI elements are introduced onto a single crystalline 
substrate heated to a given temperature. Thereafter, the group n elements and 
the group VI elements contained in the molecular beams react to each other to 
form the film of the 11- VI semiconductor compounds. 

In this case, the molecular beams containing group 11 elements and 
group VI elements are introduced onto a surface of the single crystalline 
substrate at their incident angle within 40 degrees, respectively, and a single 
crystalhne film made of the II- VI semiconductor compound is formed in the 
openings of the amorphous film and then laterally over it by the selective 
epitaxial growth. 

In the case of forming the single crystalhne film of the II-VI 
semiconductor compound, however, only at least one of the group 11 atomic 
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beams or the group II element-containing molecular beams and the group VI 
atomic beams or the group VI element-containing molecular beams may be 
introduced onto the surface of the single crystalline substrate at their incident 
angles within 40 degrees, preferably within 30 degrees, more preferably within 
25 degrees, and much more preferably within 20 degrees. Thereby, the group 
VI element containing beams and the group 11 element-containing beams, can 
be introduced onto the surface at their any incident angles, respectively for low 
angle incident group 11 element-containing beam and group VI element- 
containing beam to form the single crystalline film made of the II- VI group 
semiconductor compound in the opening. The reason is that the group n 
elements or the group VI elements contained in the beams determine the rate of 
nucleation of the film of the II- VI semiconductor compound. 

In the case of forming the single crystalline film made of the above- 
mentioned lU-V semiconductor compound or the II- VI semiconductor 
compound, continuation of the epitaxial growth in the opening 3 enables to give 
the epitaxial film 9 in Fig. 3 in a lateral direction parallel to the surface of the 
substrate. 

Thus, as shown in Fig. 3, the lateral single crystalline film 9 made of 
the in-V semiconductor compound or the like can be formed on the amorphous 
film 2. 

The lateral single crystalline film formed on the amorphous film 
according to the present invention has a dislocation density of not more than 
Kf/crn^, particularly not more than 10^/cm^. Even if a difference in lattice 
constant between the single crystalline substrate and the single crystalline film is 
relatively large and in the range of 0.1% to 30%, the single crystalline film 
having a low dislocation density can be obtained constantly according to the 
present invention. 
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Examples: 
(Example 1) 

A silicon oxide film was formed in a thickness of 200 nm on a silicon 
single crystalline substrate having a diameter of 50 mm and a thickness of 
0.5 mm by a plasma CVD method. Then, a linear opening having a width of 
1 [im as shown in Fig. 1 was formed by photolithography to expose a part of a 
surface of the substrate. 

After oxide films in the exposed surface of the substrate were 
removed by heating, SiH4 molecular beams were introduced onto the surface of 
the substrate at their incident angle of 20 degrees by using a gas source- 
molecular beam epitaxy equipment with the substrate being kept at a temperature 
of 950°C. Then, the decomposed Si atoms were selectively and epitaxially 
grown in the openings to form a single crystalline film therein. 

Thereafter, when the epitaxial growth was continued by successively 
introduction of the molecular beams, the epitaxial growth occurred in a direction 
parallel to the surface of the substrate to form a single crystalline film on the 
sihcon oxide film at the time when the single crystalhne film was thicker than 
the silicon oxide film. The single crystalline film formed on the silicon oxide 
film had a thickness of 0.2 jxm. 

When the single crystalline film was characterized by a reflection 
high energy electron diffraction method, it turned out that the film was 
composed of silicon single crystal. Moreover, when the film was chemically 
etched, etch-pits did not appear in the film. Then, the film was characterized 
by a transmission electron microscope and the dislocation density of the film 
was found not more than lOVcm^. 
(Example 2) 

Except that silicon atomic beams were introduced onto tlie silicon 
single crystalline substrate with mask at their incident angle of 10 degrees by an 
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ultra-high vacuum molecular beam epitaxy equipment, the growth was carried 
out as described in Example 1. 

A single crystalline film formed on tlie siHcon oxide film had a 
thickness of 0.2 ^im. Moreover, when the film was characterized by a 
reflection high energy electron diffraction, it turned out that the film was 
composed of silicon single crystal. Wlien the film was chemically etched, 
etch-pits did not appear in the film. Then, the film was characterized by a 
transmission electron microscope and the dislocation density of the film was 
found not more than lOVcm^. 
(Example 3) 

Except that a Ta film having a thickness of 20 nm instead of the 
silicon oxide film was formed, the growth was carried out as described in 
Example 1. 

A single crystalline film formed on the Ta film had a thickness of 
0.2 \xm. The film was investigated by a reflection high energy electron 
diffraction. It turned out that the film was composed of siHcon single crystal. 
When the film was chemically etched, etch-pits did not appear in the film. 
Then, the film was characterized by a transmission electron microscope and the 
dislocation density of the film was found not more than lOVcm^. 

Except that a Ta film having a thickness of 20 nm instead of the 
silicon oxide film was formed, the growth was carried out as described in 
Example 2. 

A single crystalline film formed on die Ta film had a thickness of 
0.2 ^im. The film was investigated by a reflection high energy electron 
diffraction. It turned out that the film was composed of silicon single crystal. 
When the film was chemically etched, etch-pits did not appear in the film. 
Then, the film was characterized by a transmission electron microscope and the 
dislocation density of the film was found not more than lOVcm^. 
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(Example 5) 

A silicon oxide film was formed in a thickness of 200 nm on a GaAs 
single crystalline substrate having a diameter of 50 mm and a thickness of 
0.5 nun by a plasma CVD method. Then, a linear opening having a width of 
1 fj,m was formed by the same manner as described in Example 1. 

Then, the substrate was put into a MBE equipment and AS4 molecular 
beams and Ga atomic beams were introduced into the opening at incident angles 
of 20 degrees and 40 degrees, respectively, with respect to the surface of the 
substrate which was kept at a temperature of 610°C. The atoms constituting 
the molecular beams were selectively and epitaxially grown in the openings to 
form a single crystalline film of GaAs. 

Thereafter, the epitaxial growth was continued by successive 
introduction of the atomic and the molecular beams and the epitaxial growth was 
found to occur in a lateral direction parallel to the surface of the substrate to 
form a single crystalhne film on the silicon oxide film at the time when the 
single crystalline film became thicker than the silicon oxide film. The single 
crystalline film formed on the sihcon oxide film had a thickness of 0.5 |xm. 

When the single crystalline film was characterized by a reflection 
high energy electron diffraction, it turned out that the film was composed of 
GaAs single crystal. When the film was chemically etched, etch-pits did not 
appear in the film. Then, the film was characterized by a transmission electron 
microscope and the dislocation density of the film was found not more than 
lOVcm^. 
(Example 6) 

Except that a silicon single crystalline substrate having a diameter of 
50 mm and a thickness of 0.5 mm was used and natural oxide films on a surface 
of the substrate were removed by heating tlie substrate to a temperature of 
1000°C before forming a single crystalline film in an opening, the growth was 
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carried out as described in Example 5. 

The single crystalline film formed on the silicon oxide film had a 
thickness of 0.5 fxm. When the single crystalline film was characterized by a 
reflection high energy electron diffraction, it turned out that the film was 
composed of GaAs single crystal. Moreover, when the film was chemically 
etched, etch-pits did not appear in the film. Then, the film was characterized by 
a transmission electron microscope and the dislocation density of the film was 
found not more than lOVcm^. 
(Example 7) 

A ZnSe single crystalline substrate having an area of 1 cm^ and a 
thickness of 0.5 mm was employed and a silicon oxide film was formed in a 
thickness of 200 imi on the substrate by a plasma CVD method. Then, a linear 
opening having a width of 1 \im was formed by the same manner as in Example 
1 to expose a part of a surface of the substrate. 

Then, the single crystalline substrate was put into a MBE equipment 
and Se atomic beam and Zn atomic beam were introduced into the opening at 
their incident angles of 20 degrees and 40 degrees, respectively, with respective 
to the surface of the substrate which was heated to a temperature of 500°C. 
Then, the atoms constituting the molecular beams were selectively and 
epitaxially grown in the openings to form a single crystalline film of ZnSe. 

Thereafter, the epitaxial growdi was continued by successive 
introduction of the atomic beams and the epitaxial growth occurred in a lateral 
direction parallel to the surface of the substrate to form a single crystalline film 
on the silicon oxide film at tlie time when the single crystalline film became 
thicker than the silicon oxide film. The single crystalline film formed on the 
siHcon oxide film had a thickness of 0.2 p,m. 

When the single crystalhne film was characterized by a reflection 
high energy reflection electron diffraction method, it turned out that the film was 
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composed of ZnSe single crystal. Moreover, when the film was chemically 
etched, etch-pits did not appear in the film. Then, the film was characterized 
by a transmission electron microscope and the dislocation density of the film 
was found not more than 10^/cm^. 
(Example 8) 

A SrTiOg single crystalline substrate having an area of 1 cm^ and a 
thickness of 0.5 mm was employed and a silicon oxide film was formed in a 
thickness of 200 nm on the substrate by a plasma CVD method. Then, a linear 
opening having a width of 1 [xm was formed by the same manner as in Example 
1 to expose a part of a surface of the substrate. 

Then, the single crystalline substrate was put into a MBE equipment. 
Y, Ba and Cu atomic beams were introduced into the opening at their incident 
angles of 20 degrees, and oxygen molecular beams containing ozone molecules 
were introduced into the opening at their incident angle of 30 degrees with 
respect to the surface of the substrate which was heated to 800°C. Then, the 
atoms constituting the molecular beams were selectively and epitaxially grown 
in the openings to form a single crystalline film of YBCO. 

Thereafter, the epitaxial growth was continued by successively 
introduction of the atomic beams and the molecular beams and the epitaxial 
growth occurred in a lateral direction parallel to the surface of the substrate to 
form a single crystalhne film on the silicon oxide film at the time when the 
single crystalline film became thicker than the silicon oxide film. The single 
crystalline film formed on the silicon oxide film had a thickness of 0.2 |i.m. 

When the single crystalhne film was characterized by a reflection 
high energy electron diffraction method, it turned out that the film was 
composed of YBCO single crystal. Moreover, when the film was chemically 
etched, etch-pits did not appear in the film. Then, the film was characterized 
by a transmission electron microscope and the dislocation density of the film 
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was found not more than lOVcm^. 

As is apparent from the above examples, according to the present 
invention, the single crystalline film having much less dislocations, for example, 
a dislocation density of not more than 10^/cm^ can be formed on the amorphous 
film such as the silicon oxide film or the Ta film. 

Although this invention was described in detail with reference to the 
above examples, this invention is not limited to the above disclosure and every 
kind of variation and modification may be made without departing from the 
scope of the present invention. 

According to the present invention, a single crystalline film can be 
selectively formed only in a given opening. Thus, using the film as a seed, a 
micro-channel epitaxy can be carried out by a vapor phase epitaxy. As a result, 
a single crystalline film having less dislocations, which is usable for a real site of 
semiconductor-manufacturing and for realizing integrated circuits, electronic 
elements, optical elements and the like, can be provided. 
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What is claimed is: 

1 - A method for forming a single crystalline film comprising the steps 

of: 

forming an amorphous film on a single crystalline substrate, 
forming an opening in the amorphous film and thereby exposing a part of a 
surface of the substrate, and 

introducing atomic beams, molecular beams or chemical beams onto the 
surface of the substrate at their incident angle of not more than 40 degrees with 
respect to the substrate surface under a reduced atmosphere and thereby 
selectively and epitaxially growing a single crystalline film on the exposed 
surface of the substrate. 

2. A method for forming a single crystalline film as defined in claim 1 , 
wherein the atomic beams, the molecular beams or the chemical beams are 
introduced at their incident angle of not more than 25 degrees. 

3. A method for forming a single crystalline film as defined in claim 1 , 
wherein atomic beams composed of group V elements in the periodic table, 
molecular beams or chemical beams containing groupV elements in the periodic 
table are introduced onto the surface of the single crystalline substrate at their 
incident angle of not more than 40 degrees and atomic beams composed of 
group in elements in the periodic table, molecular beams or chemical beams 
containing in group elements in the periodic table are introduced onto the 
surface of the single crystalline substrate at their any incident angles, and 
thereby a single crystalline film made of a ni-V semiconductor compound is 
selectively and epitaxially grown on the exposed surface of the substrate. 

4. A method for forming a single crystalUne film as defined in claim 3, 
wherein the atomic beams composed of group V elements in the periodic table, 
the molecular beams or the chemical beams containing group V elements in the 
periodic table are introduced at their incident angle of not more than 25 degrees. 
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5. A method for forming a single crystalline film as defined in claim 1, 
wherein atomic beams composed of group III elements in the periodic table, 
molecular beams or chemical beams containing group III elements in the 
periodic table are introduced onto the surface of the single crystalUne substrate 
at their incident angle of not more than 40 degrees and atomic beams composed 
of group V elements in the periodic table, molecular beams or chemical beams 
containing group V elements in the periodic table are introduced onto the surface 
of the single crystalline substrate at their any incident angles, and thereby a 
single crystalline film made of a III-V semiconductor compound is selectively 
and epitaxially grown on the exposed surface of the substrate. 

6. A method for forming a single crystalline film as defined in claim 5, 
wherein the atomic beams composed of group EI elements in the periodic table, 
the molecular beams or the chemical beams containing group in elements in the 
periodic table are introduced at their incident angle of not more than 25 degrees. 

7. A method for forming a single crystalline film as defined in claim I, 
wherein atomic beams composed of group VI elements in the periodic table, 
molecular beams or chemical beams containing group VI elements in the 
periodic table are introduced onto the surface of the single crystalline substrate 
at their incident angle of not more than 40 degrees and atomic beams composed 
of group n elements in the periodic table, molecular beams or chemical beams 
containing group 11 elements in the periodic table are introduced onto the 
surface of the single crystalline substrate at their any incident angles, and 
thereby a single crystalhne film made of a 11- VI semiconductor compound is 
selectively and epitaxially grown on the exposed surface of the substrate. 

8. A method for forming a single crystalhne film as defined in claim 7, 
wherein the atomic beams composed of group VI elements in the periodic table, 
the molecular beams or the chemical beams containing group VI elements in the 
periodic table are introduced at their incident angle of not more than 25 degrees. 
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9. A metiiod for forming a single crystalline film as defined in claim 1, 
wherein atomic beams composed of group II elements in the periodic table, 
molecular beams or chemical beams containing group II elements in the periodic 
table are introduced onto the surface of the single crystalline substrate at their 
incident angle of not more than 40 degrees and atomic beams composed of 
group VI elements in the periodic table, molecular beams or chemical beams 
containing group VI elements in the periodic table are introduced onto the 
surface of the single crystalline substrate at their any incident angles, and 
thereby a single crystalhne film made of a 11- VI semiconductor compound is 
selectively and epitaxially grown on the exposed surface of the substrate. 

10. A method for forming a single crystalline film as defined in claim 9, 
wherein the atomic beams composed of group 11 elements in the periodic table, 
the molecular beams or the chemical beams containing group II elements in the 
periodic table are introduced at their incident angle of not more than 25 degrees. 

11. A method for forming a single crystalline film as defined in any one 
of claims 1 to 10, wherein the opening has a lineai* shape and has a width of 
0.001 [xxa to 10 |im. 

12. A method for forming a single crystalline film as defined in any one 
of claims 1 to 10 wherein the amorphous film is made of an insulating material 
or a high melting point-metal. 

13. A method for forming a single crystalline film as defined in any one 
of claims 1 to 10, wherein the single crystalhne film is epitaxially grown, from 
the single crystalline film as a seed which is selectively and epitaxially grown on 
the exposed surface of the substrate, in a lateral direction parallel to the surface 
of the substrate on the amorphous film. 

14. A method for forming a single crystalline film as defined in claim 13, 
wherein the single crystalline film formed on the amorphous film has a 
dislocation density of not more than lOVcm^. 
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15. A method for forming a single crystalline film as defined in claim 14, 
wherein lattice constants of the single crystalline substrate and the single 
crystalline film are different from each other. 

16. A method for forming a single crystalline film as defined in claim 15, 
wherein a difference in lattice constant between the single crystalline substrate 
and the single crystalline film is 0. 1 % to 30%. 
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Abstract of the Disclosure 
A method for forming a single crystalline film including tlie steps of 
forming an amorphous film on a single crystalline substrate, forming an opening 
in the amorphous film and thereby exposing a part of a surface of the substrate, 
and introducing atomic beams, molecular beams or chemical beams onto the 
surface of the substrate at their incident angle of not more than 40 degrees with 
respect to the substrate surface under a reduced atmosphere and thereby 
selectively and epitaxially growing a single crystalline film on tlie exposed 
surface of the substrate and then in a lateral direction parallel to the surface of 
the substrate on the amorphous film. 
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